EDITORIAL COMMENT The concentration of trypsin in duodenal contents following a Lundh test meal containing 6 % of fat, 5 % protein, and 15 % carbohydrate, has been used as an index of exocrine pancreatic function. Low concentrations of trypsin are found in pancreatic disease, such as chronic pancreatitis and cancer of the pancreas. The test is particularly useful in the diagnosis of pancreatic steatorrhoea.
The development of methods for estimating proteolytic enzymes using specific synthetic substrates has been applied by Lundh (1962) to the estimation of trypsin in duodenal aspirates after a standard test meal. He found that this test, which measures the physiological response of the pancreas to a test meal, rather than its secretory capacity in response to a parenteral stimulus of secretin or pancreozymin, gave useful diagnostic information in pancreatic disease. Results with the test, or modifications of it, have since been reported by Ventzke, Davidson, and Grossman (1964), byHartley, Gambill, Engstrom, and Summerskill (1966) , and by Zieve, Mulford, and McHale (1966) . We present here our experience using this method in normal subjects and in patients with and without pancreatic disease. Our results confirm that this is a useful test, particularly in the investigation of steatorrhoea.
ESTIMATION OF TRYPTIC ACTIVITIES
The tryptic activities in the intestinal aspirates were measured using the synthetic substrate N-benzoyllarginine-ethyl ester (B.A.E.E.). The methods used are published in detail on page 415 (Wiggins, 1967) . In the earlier part of the study the time taken to release a known amount of hydrogen ion from the substrate was measured. Later, an automatic titrator was used as a pH stat (Radiometer, Copenhagen) to measure the amount of hydrogen ion liberated from the same substrate in a given time. A similar method was first used by Haverback, Dyce, Gutentag, and Montgomery (1963) for faecal enzyme determinations. The correlation between results obtained using the two methods was excellent.
CLINICAL METHOD
Patients are studied after an overnight fast. A 12 Fr gauge radio-opaque tube with a mercury bag attached to its tip and four holes in the terminal 6 cm. is passed through the nose. Within half to one hour the tube usually passes into the duodenum. The tip is then adjusted under fluoroscopic control so that it is in the region of the duodeno-jejunal flexure. In most instances the position of the tube is checked again fluoroscopically at the end of the test as occasionally it may move back, sometimes enough to invalidate a result. In a patient who has previously had a Polya partial gastrectomy the tube is allowed to pass into the efferent jejunal loop well past the stoma. The duodenal juice is allowed to drain freely by siphonage into a measuring cylinder, immersed in ice cold water, placed about 80 cm. below the level of the patient. Gentle syringe suction is often needed to commence drainage and fairly frequent attention to the tube usually enables good volumes to be obtained.
A standardized meal, similar in composition to the one described by Lundh (1962) , is given after aspiration of a resting sample where possible. The meal is made up of corn or soya bean oil, 18 g., casilan (dried milk protein powder), 15g.,glucose, 40 g.,Crushasyrup (for flavouring) 15 g., and hot water to 300 ml., giving a composition of fat 6%, protein 5%, and carbohydrate 15%. The duodenal juice is then collected for four consecutive half-hour periods, that is, for two hours altogether. Several measurements may be analysed for variability and diagnostic discrimination using the results obtained from the four half-hour specimens. Table I presents the results obtained in 14 healthy doctors and medical students, 11 patients diagnosed as having lesions not affecting the pancreas, and 19 patients presenting with abdominal pain of obscure origin in whom no evidence of pancreatic disease was found. The results obtained in these three groups were similar. The lowest variations about the mean, expressed as coefficients of variation, were obtained in the mean two-hour tryptic activity (M.T.A.) and in the peak 30-min. tryptic activity (P.T.A.). The higher coefficient of variation (37%) in the mean 0-60 min. tryptic activity suggests that it would be unwise to use a collection period of less than two hours. The mean tryptic activity for all the normal subjects in successive half hour periods was similar (Fig. 1 ), but the coefficient of variation for each of the periods was high, being successively 39, 53, 31, and 50%. Very little difference in diagnostic discrimination was found using the peak 30-minute tryptic activity (P.T.A.) and the mean two-hour tryptic activity (M.T.A.). The latter was chosen as the most suitable measurement as it requires only a single enzyme determination. Using this measurement (M.T.A.) the lower limit of normal expressed as two standard deviations below the mean, obtained in the 14 normal subjects, was 9-6 ,uEq./min./ml.
Reproducibility of the test from day to day was tested in nine subjects (Table II) . The correlation coefficient between the paired tests was 0.79 for the peak tryptic activity (P.T.A.) and 0.78 for the mean tryptic activity (M.T.A.) . No evidence of pancreatic disease Nineteen patients were studied in whom no evidence of pancreatic disease was found. The results obtained in this group have been presented in Table I . No result fell below the lower limit of normal.
Possible pancreatic disease Thirteen patients were investigated in whom there was some evidence of pancreatic disease as shown by either a diabetic glucose tolerance test (seven patients), a serum amylase level greater than 300 but less than 1,000 Somogyi units at some time (three patients), or suggestive structural abnormality found radiologically or at laparotomy (five patients). Low results (2, 8, and 8.5 ,Eq./min./ml.) were found in three of these 13 patients.
Proven pancreatic disease Twenty-five patients were studied (Table III) in whom pancreatic disease was proven. Where possible the clinical classification ofpancreatitis used is in accordance with the recommendations of the Marseilles Symposium of 1963 (Sarles, 1965) . It will be seen that the first 12 patients were studied at intervals, varying from two days to six months, after attacks of acute pancreatitis. The results were abnormally low in only three and all three were studied within four weeks of the acute attack. In one of these patients (S.P.) the M.T.A. returned to normal within 10 days and in another patient (V.N.), who developed a pancreatic pseudocyst, the value remained low. The last 13 patients had chronic pancreatic lesions and an abnormally (Table IV) . The M.T.A. was low in five of the seven patients who proved to have a carcinoma of either the pancreas or ampulla of Vater. The one normal result was obtained in a patient who had an extensive carcinoma involving nearly the whole pancreas. In contrast, the M.T.A. was slightly reduced in only three of nine patients who had a non-pancreatic cause for jaundice. Of the three patients with a gallstone at the lower end of the common bile duct, two gave a low result.
PATIENTS PRESENTING WITH STEATORRHOEA These patients are further grouped according to the cause of the steatorrhoea.
Pancreatic cause In 15 patients a pancreatic cause for the steatorrhoea was found (Table V) and in all except one the tryptic activities in the duodenal aspirate never rose above 2 ,Eq./min./ml., often not exceeding 1 ,Eq./min./ml. The one exception (V.C.) had, in addition to chronic pancreatitis, cirrhosis of the liver and a chronic abscess causing partial biliary obstruction. In this patient the M.T.A. was 2.3 ,Eq./min./ml. and the peak tryptic activity 3.0 ,uEq./min./ml.
Zollinger-Ellison syndrome Two patients with the Zollinger-Ellison syndrome who had pancreatic islet cell tumours, gross gastric hypersecretion and steatorrhoea, were studied. In both large volumes of highly acid juice were obtained from the region of the duodenal flexure. The pH of the samples fell as low as 1.20 (the lowest pH observed in any other patient was 2.0) and the acid concentration ranged between 40 and 60 mEq./l., except for the half-hour collections made immediately after the test meals, in which the pH of the samples temporarily rose to 4-3 and 5.7. The peak tryptic activities noted were 3.0 and 5.0 ,uEq./min./ml. These tryptic activities, although low, are greater than those we have noted in patients with steatorrhoea due to pancreatic disease alone.
Non-pancreatic cause In 10 patients with a nonpancreatic cause for steatorrhoea (Table V) , four gave results below the normal range (8.5, 8.5, 6, and 5.5 ,Eq./min./ml.). All the results obtained in these patients were much higher than the values of less than 2.0 ,uEq./min./ml. found in uncomplicated pancreatic steatorrhoea.
Post-gastrectomy Seven patients with steatorrhoea developing after Polya partial gastrectomy were investigated (Table VI) . Extremely low tryptic activities were found in three of the seven patients and in two of these three there was evidence of pancreatic disease. In one patient (M.B.) foulsmelling aspirate with a very high bacterial count was obtained in the second half-hour period after the test meal, suggesting the presence of a hitherto unsuspected gastro-jejuno-colic fistula, a diagnosis confirmed by barium enema and laparotomy. Lundh (1962) used the substrate N-benzoylarginine ethyl ester (B.A.E.E.) and a colorimetric method to express trypsin concentrations in terms of a standard preparation. In the present study a titrimetric method, measuring the rate at which hydrogen ion is liberated from the substrate, has been used, enabling the results to be expressed in terms of international units of enzyme activity rather than by comparison with an arbitrary trypsin standard. The titrimetric estimation may be performed with a pH meter or, more conveniently, with a pH stat (Wiggins, 1967) . Although Ventzke et al. (1964) found that chymotrypsin activity was more often low in pancreatic disease than trypsin or lipase activity, we chose to measure trypsin because B.A.E.E. is more soluble than Nacetyl-L-tyrosine-ethyl ester (A.T.E.E.) used as substrate for chymotrypsin estimations, and because, unlike chymotrypsin, duodenal juice does not require dilution for the estimation of trypsin.
Our technique for the collection of duodenal juice is similar to that of other authors. We have chosen to express our results in terms of the mean tryptic activity (M.T.A.) in a two-hour collection of juice because the use of this long period reduces the coefficient of variation. The high coefficient of variation recorded by Hartley et al. (1966) may be ascribed to their use of a short collection period of 30 minutes. A low coefficient of variation is also found when the results are expressed as the peak tryptic activity (P.T.A.) in four successive half-hour periods. This requires four enzyme determinations instead of one but may in some circumstances yield useful additional data. For example, the mean tryptic activity in the whole two-hour specimen is sim i'ar in normal subjects and in patients without pancreatic disease after partial gastrectomy. However, after Polya gastrectomy, the tryptic activity is low soon after the meal but tends to rise to a maximum in the third half-hour period, probably due to rapid emptying of the test meal from the stomach remnant, whereas in normal subjects (Fig. 1 ) the mean tryptic activity for all the subjects remains almost constant throughout the successive four half-hour periods.
The clinical results presented here suggest that the test is particularly useful in the diagnosis of pancreatic steatorrhoea. In every case studied, the tryptic activities were extremely low, in all but two less than 2 ,Eq./min./ml. The two patients in whom the tryptic activities were greater than 2 ,uEq./min./ml. were interesting in that both had, in addition to pancreatic disease, another possible cause for malabsorption. One had an inflammatory lesion of the terminal ileum (patient F.C., M.T.A. = 2-8 ,Eq./min./ml., Table III) , and the other partial obstruction of the common bile duct by a chronic abscess (patient V.C., M.T.A. = 2.3 ,uEq./min./ml., Table V ). Similar low levels were found in two patients with proven pancreatic disease (A.P., H.H., Table III ) but without steatorrhoea. These results suggest that steatorrhoea occurs in pancreatic disease only when the concentration of enzymes in the duodenal juice falls to very low levels. Similar results were obtained by Sarles, Pastor, Pauli, and Barthelemy (1963) who measured lipase in duodenal juice collected in the fasting state. In contrast to the results obtained in patients with pancreatic disease, the lowest M.T.A. found in patients who had a non-pancreatic cause for steatorrhoea was 5.5 ,tEq./min./ml. There was thus always a clear distinction between the two groups.
The test may be useful in other types of steatorrhoea. In two patients with the Zollinger-Ellison syndrome large volumes of acid juice were obtained. A diagnosis of gastro-jejuno-colic fistula was made in another patient, who had previously had a partial gastrectomy, when faecal smelling aspirates were obtained after the test meal.
In the retrospective diagnosis of acute pancreatitis, the test appears of little value, but it is useful in the diagnosis of chronic pancreatitis and gave an ababnormal result in four out of five such patients who had no steatorrhoea. It is also useful in the diagnosis of carcinoma of the pancreas or ampulla, with or without jaundice. In one patient (case E.L., Table III ), who presented with pain due to carcinoma of the pancreas, the test gave an abnormal result when there was no evidence of diabetes, steatorrhoea, jaundice, or enlargement of the pancreas. Altogether, the test gave an abnormal result in 12 out of 13 patients with carcinoma. In obstruction of the biliary tract with jaundice, other than by carcinoma of the ampulla or pancreas, low results may also be found but the results were normal in liver disease.
At present the most widely accepted test of pancreatic function is the secretin test (Dreiling and Janowitz, 1962) with or without pancreozymin. This test involves the intubation of both the stomach and duodenum, meticulous collection of juice, and one or more intravenous injections. The test described here is simpler to perform as it involves the passage of only one narrow tube into the duodenum, the exact position of the tube not being critical, no injections, and less skilled supervision. The results of the secretin-pancreozymin test can be expressed as the output of fluid, bicarbonate or enzymes, or as the maximum concentration achieved. The present test measures only enzyme concentrations in a test meal and yields no data about the output of pancreatic juice. Perfusion studies using 51chromium as a marker show that the recovery of duodenal juice by the technique described is only 10-25 % (H. B. Cook, unpublished data).
Despite its simplicity, however, the test appears to give useful diagnostic information. Lundh's results (1962) 
SUMMARY
Duodenal juice was collected by siphonage using a single lumen tube for four consective half-hour periods after a standardized test meal. The lowest coefficients of variation were found in the peak 30-minute tryptic activity and the mean two-hour tryptic activity after the test meal. The mean tryptic activity is the more useful measurement as it requires only a single enzyme determination. The lower limit of normal using this measurement was found to be 9.6 ,uEq./min./ml. The test was found to be of little value in the retrospective diagnosis of acute pancreatitis, but of greater value in more chronic lesions affecting the pancreas, and in the detection of pancreatic and ampullary carcinoma. Its greatest value proved to be in the diagnosis of pancreatic steatorrhoea.
of pancreatic disease.
intestinal juice as a diagnostic test
Measurement of tryptic activity in 
